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2. 

ABSTRACT 

With a Varian ~ b - 8 5  magnetometer, s a t e l l i t e  1964 83C 

nzeasured the  sca la r  magnetic in tens i ty  i n  middle and low 

l a t i t udes  a t  about 1100 km a l t i tude .  The differences between 

observed and computed Values show quasi-sinusoidal spatial 

var ia t ions indicat ive of errors ir, t he  harmonic coeff ic ients  

w i t h  n 

South Atlant ic  anomaly form closed loops around a center a t  

2 8 s  and 49W. 

April  17, 1965, a decrease i n  in tens i ty  occurs which i s  com- 

parable t o  the decrease a t  the ear th ' s  surface. 

3, m w 4, and m M 6, The isodynamic l i n e s  i n  the 

In  the recovery phase of the storm of 1312 UT 

. 
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3.  

INTRODUCTION 

S a t e l l i t e  observations of t h e  geomagnetic i n t ens i ty  are 

of i n t e r e s t  i n  a number of geophysical problems which include 

f i e l d  mapping [Cain e t  a l ,  1962; Heppner e t  a l ,  1963; C a h i l l  and 

Amazeen, 1963; Ness e t  a l ,  1964; Hagq, 1964; Ness, 1965; Dolginov 

e t  a l ,  1966; Muzzio e t  a l ,  1966; Konovalova and Nalivaiko, 1967; 

Cain e t  a l ,  1967; Hemmer e t  a l ,  19671 ; evaluation of ana ly t ic  

descriptions [Heuring, 1964, 1965; Cain e t  a l ,  1965; Fougere, 

1965; Cain, 1966; Cain e t  al, 19671; t h e  world magnetic survey 

Vestine, 1960; Heppner, 19633 ; 

It i s  t h e  purpose here t o  discuss magnetic r e s u l t s  obtained 

with t h e  N a v y  sa te l l i t e  1964 83C launched on December 13, 1964, 

i n t o  an o r b i t  with incl inat ion 89.99f ; period 106.2 minutes; 

perigee, 1040 km; apogee, 1089 Ism. The satel l i te  contains a 

telescope-photometer sensi t ive t o  f a r  u l t r a v i o l e t  rad ia t ion  

[Smith, 196d am3 a Varian Rubidium-85 vapor magnetometer. 
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Some S a t e l l i t e  Characterist ics 

I "  

The Varian Associates ~ b - 8 5  vapor magnetometer consists of an 

electronics  module placed inside the s a t e l l i t e  body and a sensing head 

and lamp o s c i l l a t o r  mounted near the  far end of an extendable boom. 

Zero crossings of t he  magnetometer output a r e  counted f o r  0.0819265 

second during each 0.65536 second, periods when t h e  s a t e l l i t e  t raverses  

essent ia l ly  l a t i t u d i n a l  a rcs  of respective lengths 0.6 and 4.8 hm. 

The magnetometer f requencyf  i n  Hz r e l a t e s  t o  magnetic in tens i ty  F i n  

oersted by F = f/(4.667393 x 10 ) - 1.34 x 10 

communicated t o  L. R. Alldredge and I.Saldukas, 19631. 

5 -15 2 f [R. L. Driscoll ,  

The s a t e l l i t e  contains a permanent Alnico V magnet w i t h  moment 

5 M = 1.475 x 10 gauss c 3  and a ca l ibra t ion  magnet Mc w i t h  a revers ible  

moment of magnitude 6.85 x 10 gauss cm . 
c i r c u i t  consists of a voltage source, a capacitor,  reversing and charg- 

ing switches, and c o i l  around a core of 3 s  percent chrome s t e e l .  

command the capacitor charges t o  a present leve l ,  then discharges 

through the c o i l  t o  magnetize the s t e e l  core, with the direct ion of 

t h e  moment a l t e r ed  i n  successive comands but e i the r  p a r a l l e l  o r  an t i -  

p a r a l l e l  t o  t ha t  of t h e  main magnet. 

m 
3 3 The complete cal ibrat ion 

Upon 

The s a t e l l i t e  i s  magnetically s tabi l ized;  that i s ,  geomagnetic 

torques align the  magnetic axis  of the  s a t e l l i t e  along the loca l  f i e l d  

direction. The op t i ca l  axis  of t he  magnetometer sense head makes an 
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angle of 4$ w i t h  t h e  s a t e l l i t e  magnetic ax is ,  so tha t  data are po- 

t e n t i a l l y  receivable (1) a t  t h e  maximum signal- to  noise  r a t i o  and ( 2 )  

throughout t h e  o r b i t  w i t h  only one magnetometer. 

near t h e  end of a gas-actuated, telescoping boom manufactured by the 

Raymond Engiaeering Laboratories of Middletown, Connecticut, and used 

as an antenna on Project  Mercury capsules. 

configuration the boom forms an aluminum tube 60.96 cm long and 5.08 cm 

outs ide diameter and contains 1 2  tubular  sect ions w i t h  tapered forward 

and flared back ends t h a t  wedge together when f 'ully extended t o  form 

a boom of length 4.88 x 10 cm (16 f e e t ) .  

a lock of biphenyl holds t h e  sense head r ig id ly  t o  t h e  boom housing. 

With the s a t e l l i t e  i n  o r b i t ,  t he  biphenyl sublimes and a spring pushes 

the  lead  boom-segment ( t o  which the sense head i s  connected) out of 

t he  boom housing, an ac t ion  subsequently confirmed by telemetry from 

the  orb i t lng  satell i te.  

The head at taches 

I n  i t s  non-telescoped 

2 I n  the launch configuration 

I n  a view from the  s a t e l l i t e  body towards t h e  far end of t h e  

fully extended boom and along the boom axis ,  the center  of the  cal ibra-  
2 t i o n  magnet l i e s  11.43 cm t o  the  right, 19.0 cm downward and 5.75 x 10 

away from the magnetometer. The corresponding distances from t h e  center 

of t h e  main magnet a r e  15.1 cm to  t h e  l e f t ,  11.6 cm downward, and 

2 5.79 x 10 cm away. 

po in ts ,  for example, downward over t he  north magnetic pole. 

cm 

I n  o r b i t  the boom leads the s a t e l l i t e  body and 

Radford (1967) gives an additional discussion of s a t e l l i t e  
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characteristics. We are indebted to F. F. Mobley of APL/J€€U for the 

design and implementation of the calibration system and of the means 

to contain and then e*end the boom (some aspects of which are also 

discussed in the succeeding section). 

6. 
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Field of Sa te l l i t e  Magnets 

Two provisions were made f o r  an in-f l ight  determination of the 

f i e l d  at the  magnetometer due t o  the s a t e l l i t e  magnets. This contri- 

bution depends on the length t o  which the boom extends and must be 

subtracted from the observations t o  yield the geomagnetic in tens i t ies .  

A s  e a r l i e r  noted, the boom i s  launched i n  i t s  collapsed conf'ig- 

uration. After achievement of o r b i t ,  sublimation of the biphenyl lock, 

and the movement of the  f i r s t  boom section out of the housing, a squib 

f i r e s  upon ground-station command and igni tes  a JETM cartridge t o  

power the  extension of the remainder of the boom. If each boom section 

had wedged completely into the adjacent section, then f o r  full-boom 

extension, the e l ec t r i ca l  resistance of the boom would have dropped 

t o  tha t  of a short  circuited condition. 

s igna l  tha t  t h i s  form of contact actually occurred. Thus, the ultimate 

boom extension was determinable solely by means of the in- f l igh t  values 

from the cal ibrat ion magnet, w i t h  a moment known from pref l ight  t e s t s .  

We received no telemetry 

The observed intensi ty  consists of the contribution from the 

s a t e l l i t e  magnets and t h a t  from the  (much la rger )  geomagnetic f i e ld .  

Considering the scalar  intensity Rb-vapor magnetometer, the s a t e l l i t e  

components of importance a re  those e i ther  pa ra l l e l  or ant i -para l le l  t o  

t he  loca l  geomagnetic f i e l d  direction. For these components and large 

magnet-to-magnetometer separations, which include those of present 

concern, the relationship F /F = Me/% holds independent of t h i s  c m  
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distance, where F 

t i on  and main magnets of respective moments M 

suggested t o  us by Dr .  George Weiffenbach of APL/JHU. 

and Fm are the component values from the calibra- 

an advantage 

C 

and Mm: 
C 

(The experi- 

mental arrangement closely approximates the  l imiting case of two 

coincident magnets. ) 

Thus w i t h  Mc/Mm known beforehand, an in-f l ight  determination 

of F leads t o  Fm without an independent measure of boom extension 

beyond determining from the  value of F 

distances a re  suff ic ient ly  la rge .  The quantity F represents the m 2  Fc 
bias f i e l d  from the s a t e l l i t e ;  F always adds t o  the geomagnetic f i e l d  

but Fc may add (+) or subtract  (-), depending on the (reversible) or i -  

entation of M , 

C 

t ha t  the magnet-to-magnetometer 
C 

m 

C 

Figure I shows examples of the  extremes i n  the quality of the 

r a w  data obtained i n  the 29 in-f l ight  calibrations.  

t he  ground s t a t ion  a t  APL/JHU the direction of the moment Mc reverses 

a t  which time t ransients  often appear and pe r s i s t  f o r  a period of about 

t w o  seconds. 

reversal  and fo r  t ha t  following the t ransient  have a nearly constant 

slope of about 11 zero crossings per counting in te rva l  per un i t  change 

i n  the sequence number (or 14.h per second of s a t e l l i t e  t r ans i t ) .  

The constancy l ightens considerably the s t i l l  d i f f i c u l t  in - f l igh t  cal- 

ibrat ions and stems from the constancy of the  spa t i a l  gradient of the  

Upon command from 

However, the values f o r  the epoch preceding the moment- 

f i e l d  encountered as the s a t e l l i t e  traverses the area near the command 

ground station. The data for each of these two epochs a re  extrapolated 
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t o  t h e  t i m e  of moment reversa l  where t h e  difference between t h e  two 

s e t s  equals 2 F . 
C 

I n  t h i s  manner t h e  in- f l igh t  value of 2 F a t  the  magnetometer 
C 

pos i t ion  w a s  determined t o  be 13.6 2 1.2 crossings per  counting in t e r -  

va l ,  o r  17.8 - + 1.6 y; t h e  re la ted  value f o r  Fm becomes 192 2 17 y.  We 

conclude t h a t  f o r  per fec t  magnet s t a b i l i z a t i o n  t h e  t o t a l  b i a s  f i e l d  a t  

t h e  magnetometer i s  201 + 18 y when F 

F and F oppose, (%he uncertainty being a r e l a t ive ly  s m a l l  p a r t  of t h e  

geomagnetic in tens i ty ,  which ranged from about 15,000 t o  31,000 y ). 

From the  known re la t ionship  between M 

2 F shows t h a t  t h e  separation along t h e  boom ax i s  between the  center 

of t he  ca l ibra t ion  magnet and the magnetometer i s  5.39 x 10 cm o r  

36 cm l e s s  than t h a t  expected f o r  fill-boom extension i n  which case 

2 F 

data  passes gives no indicat ion that the boom i s  not r i g i d  i n  t h i s  

and Fc add and 183 2 18 y when m - 
m C 

and Fc, the  value of 17.8 y f o r  
C 

C 
2 

would equal 14.4 y (and Fm,154 y ) .  Detailed examination of t h e  
C 

state; f o r  example, there  i s  no f i e l d  modulation even suggestive of a 

movement of t h e  magnetometer towards and away from t h e  sa te l l i t e  body. 

The sa te l l i t e  contains a Schonstedt f luxgate  magnetometer (one 

of t h ree )  which shows t h a t  t h e  s a t e l l i t e  magnetic axis o s c i l l a t e s  about 

the l o c a l  f i e l d  d i rec t ion  i n  an angular range ly ing  mainly between 8 

and 2 8  and averaging about 18. 

s a t e l l i t e  bias f i e l d  (Fm 2 Fc)  cos 8 where t h e  angular f a c t o r  has 

values varying from 1 f o r  perfect magnetic alignment t o  0.94 f o r  a 

This deviation makes t h e  instantaneous 

misalignment of 2 8 .  
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Results 

The s a t e l l i t e  telemetered a t o t a l  of 350,000 useable data 

points  t o  a network of s ixteen s ta t ions  from those i n  t h e  following 

groups: TRANET, At lan t ic  and Pacif ic  Missile Range and NASA STADAN. 

Power and voltage l imi ta t ions  confined t h e  data periods ins ide  the  

in t e rva l s  December 13 t o  31, 1964,and A p r i l  10 t o  June 26, 1965, and 

re la ted ly  t o  the l o c a l  t i m e  epochs 0300-0800 and l5OO-2OOO. 

vat ions ex i s t  f o r  four  storms, a mixture of smaller disturbances, and 

undisturbed conditions; bu t  we here t r e a t  morning non-stormtime 

measurements as a group and t h e  data f o r  the storm of Apri l  17. I n  

a companion paper Heuring et a1 [ 19671 consider these non-stormtime 

data i n  r e l a t i o n  t o  harmonic coeff ic ients  being proposed f o r  an 

In te rna t iona l  Geomagnetic Reference Field.  

i n  progress on the  other storms as w e l l  as on temporal var ia t ions  a t  

s a t e l l i t e  a l t i t u d e  and their  connectior- t o  surface in t ens i t i e s .  

Obser- 

I n  addi t ion s tudies  are 

The data r e f e r  t o  middle and low l a t i t u d e s  as a design short-  

coming precluded meaningful observations f o r  higher l a t i t udes .  

two days a l l o t t e d  f o r  p re f l igh t  t e s t i n g  of the magnetic elements as 

p a r t  of the  e n t i r e  s a t e l l i t e ,  the u n i t  operated i n  a tes t  f i e l d  of 

18,000 y .  It turned out i n  f l i g h t  that i n t e n s i t i e s  > 3l,OOOy were 

unmeasurable. I n  the regions where these values would normally occur, 

the  magnetometer-counter output corresponded t o  f i e l d  values consider- 

ably l e s s  and was  marked by large f luctuat ions--  o sc i l l a t ions  of 500 

I n  the 
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t o  1000 y amplitude about a mean of 10,000 t o  15,000 y were not un- 

common. 

We could not conclusively determine t h e  reason f o r  t h i s  high- 

f i e l d  l i m i t  bu t  note our bes t  estimate, obtained with t h e  a i d  of some 

spare components. 

frequency increases but  t he  s ignal  magnitude decreases w h i l e  t he  thres -  

hold of de t ec t ab i l i t y  i n  the  counting c i r c u i t s  r i s e s .  These charac- 

t e r i s t i c s  combined could have producedthe property t h a t  i n t e n s i t i e s  

> 31, 000 y would appear a s  f luc tua t ing  f i e l d  values of considerably 

lower magnLtude. 

as highly anomalous and eliminated from fu r the r  analysis;  Radford [ 19671 

gives some examples. 

With increasing f i e l d  values t h e  magnetometer 

We emphasize tha t  these data a r e  readi ly  recognized 

For EL f ixed  l a t i t u d e  t h e  observations l i e  within the  geocentric 

r a d i a l  range 7405 and 7465 km (see Fig. 2 )  and within a s e t  of narrow 

longi tudinal  bands. The data d is t r ibu t ion  permits an easy computation 

of s p a t i a l  gradients and a reduction t o  a s ingle  geocentric distance 

which equals 7450 km for the  l ines  of constant magnetic i n t ens i ty  shown 

i n  Figure 3. With the ear th’s  surface as a spheroid of semi-major 

axis 6378.4 km and f l a t t en ing  1/297, t h e  geocentric distance of 7450 km 

corresponds t o  a height above the surface i n  the range, f o r  example, 

from 1072 km a t  C? l a t i t u d e  t o  1077 km at  3 8  . 
South At lan t ic  (or  Brazil ian,  or South American) magnetic anomaly, 

many of t h e  l i n e s  form e i t h e r  closed loops or segments of w h a t  would 

probably become a closed loop, w i t h  t h e  center (a f i e l d  minimum) of 

In  the  a rea  ca l l ed  the 
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the  e n t i r e  system a t  about 2 6 s  and 4 $ W ,  s l i g h t l y  d i f f e ren t  from 

the  center  a t  350 and 450 km ( M 230 S and M 

Konovalova and Nalivaiko [1967] w i t h  Cosmos 26 and 49 data. 

with Konovalova and Nalivaiko tha t  a s ingle  minimum e x i s t s  i n  t h e  

anomaly, i n  opposition t o  t h e  double minimum a t  1000 km reported i n  

a preliminary study by Muzzio e t  a1 [1966] using a combination of 

e lec t ron  gyrofrequency resonances and magnetic data. 

W )  determined by 

We agree 

With i n t e n s i t i e s  and s p a t i a l  gradients from 1964 83c f i e l d  

values were computed f o r  some locations where observations e x i s t  

from S a t e l l i t e  1965 8U [J. C. Cain, personal communication]. These 

calculat ions required extrapolations on interpolat ions f o r  r a d i a l  

dis tances  separated by 2 t o  66 km and longitudes by 6' t o  9. 
shows the  good agreement between t h e  two groups: t he  differences l i e  

between 1 and 86 y and average 35 y . 

Table I 

Comparison with Computed In t ens i t i e s  

It i s  w e l l  known t h a t  the geomagnetic f i e l d  of i n t e r n a l  or ig in  

has a po ten t i a l  V given f o r  points above the  surface by a s e r i e s  of 

spher ica l  harmonic. 

n+ 1 n=oo m=n 

V = a C  C [3 P: (cos e )  [g; cos Id + h: s i n  Id1 
n=l  m=O 

where a i s  a mean radius; 2 , the geocentric distance; 0, t h e  colati tude; 

X, t he  east longitude; < , 8 semi-normalized associated Legendre funct ion 

introduced by Schmidt and of degree 2 and order m; g and h harmonic 

coeff ic ients .  

m m 
n n' - 

The f i e l d  components a r e  given by X = ( l / r>aV/ae ,  



' .  

. THE JOHNS HOPKINS UNIVERSITY 

APPLIED PHYSICS LABORATORY 
SILVER SPRING. M A R V L A N D  

Y = -(l/r s i n  8 ) aV/ah ,  and Z = a V / a r ;  the scalar  magnetic intensi ty  

Since each harmonic se t  invariably has some error ,  it i s  always 

desirable t o  t e s t  an analytic description with a new s e t  of observa- 

t ions and we here consider the data from s a t e l l i t e  1964 83c i n  re la t ion  

t o  the  GSFC 4/61: coefficients of J. C. Cain, D. C. Jensen, W. E. 

Daniels and S. Hendricks [ J. C. Cain, personal communication] updated 

t o  1965.0, a ser ies  of 63 coefficients f o r  the  main f i e l d  and 35 f o r  

the secular variation. Values of the  scalar  magnetic intensi ty  com- 

puted w i t h  these harmonics, hereafter called the theoret ical  f i e l d  FT, 

are compared w i t h  our s a t e l l i t e  geomagnetic observations, say F , and G 

discussed i n  terms of the difference or residual A = FG - FT. 

We f ind  no radial dependence f o r  the  residual,  so t h a t  the A ' s  

represent changes w i t h  l a t i t ude  and/or longitude a t  essent ia l ly  my  

f ixed  height i n  the  geocentric span 7505-7465 km. Figure 4 shows the  

resul tant  curves drawn through A values f o r  in tegra l  l a t i tudes  spaced 

one degree apart; the  longitudes f o r  the end points a re  l i s t e d  and f o r  

intermediate points could be l inearly interpolated. This var ia t ion of 

t he  residual i s  primarily a la t i tud ina l  effect  and often has a quasi- 

sinusoidal form of 60' angular periodicity, which considering the  s t ruc t -  

u re  of the $Is indicates tha t  the harmonic coefficients n w  3 need 

correcting. The longitudinal variation a l so  often has a quasi-sinusoidal 

form which f o r  la t i tudes  5 - 28  has a periodicity of about 6 8  and 

f o r  la t i tudes 2 - 18 , one of about 9 8  (see Fig. 5). This form indi- 
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cates errors in the coefficients with m M  6 (for the 68 variation) 

and with m M 4 (for the 98 variation), considering the associated 
trigonometric functions. For the total region, the residuals lie 

mainly between +lo0 y and -100 y and have an rms of 88 y .  

Attempts to correct harmonic coefficients are deferred until 

we complete determining residuals for the other analytic descriptions 

being considered to form part of a recommendation on a temporary 

International Geomagnetic Reference Field by the IAGA working group 

on the Analysis of the Geomagnetic Field. It is worth emphasizing, 

however, that the present results show a spatial structure in the 

residuals which indicates the need for modication of certain harmonic 

coefficients in the existing set, residuals not likely to be reduced 

by the addition of terms and coefficients beyond those already present. 

This aspect is important since a prime question on an IGRF relates to 

the number of harmonic terms it should contain. Additional evaluation 

of harmonic sets is contained in the paper by Heuring et a1 [1967], 

from which we note that the present theoretical field would rank right 

after the best of the six others considered by Heuring et a1 (88 y to 

67 y in the rms difference), with the difference likely to be narrowed 

by applying the characteristics found here. 

Storm of 1312 UT April 17 

Figures 6a and 6b each show residuals at integer latitudes for 

a set of two data passes that traverse similar regions of space. In 

accord with an earlier discussion the residuals have a latitudinal 
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var i a t ion  ind ica t ive  of e r rors  i n  a few harmonic coeff ic ients .  Note 

however t h a t  each stormtime (recovery-phase) group of A-values l i es  

considerably below i t s  non-stomtime counterpart. 

r e s u l t s  from a decrease i n  t h e  t o t a l  geomagnetic i n t ens i ty  (F ) due 

primarily t o  the  superposition of an oppositely-directed horizontal  

storm-field on the main geomagnetic f i e l d ,  considering the  changes 

This lowering re- 

G 

detectable  w i t h  a sca l a r  magnetometer and t h e  d i rec t ion  of t h e  main 

f i e l d  i n  t h e  equator ia l  region, 

The stormtime decrease reaches 4 6 y  f o r  t h e  pass of 1644 UT 

Apri l  19 and 60 y f o r  t h a t  of 2351 UT Apri l  19 where there  a l s o  a r e  

temporal var ia t ions  near the dipole equator and where each of these 

passes i s  considered with respect t o  i t s  non-stormtime complement. 

These diminutions compare favorably with those of (surface)  D s t  ( H )  

f o r  corresponding times - 47 and 56 y respectively (see Fig. 7 )  and 

t h e  s imi l a r i t y  shows tha t  the storm r ing  current l i es  considerably 

above the  s a t e l l i t e  posi t ion,  which a t  t h e  eqzator has a value of 

McIlwain's s h e l l  parameter L = 1.17. Thus our data a r e  i n  accord w i t h  

bu t  a l s o  add a l i t t l e  t o  one of Cahi l l ' s  rig663 findings f o r  t h i s  

storm: t h a t  t h e  r ing  current during t h e  recovery phase has i t s  maxi- 

mum on the  McIlwain s h e l l  parameter L = 3.5 with reduced ef fec ts  down 

t o  a t  least L = 2. 

I n  r e l a t i o n  t o  t h e  data i n  Figure 6a we examined the  magnetograms 

f o r  Huancayo, Peru, at the  d i p o l e  equator and at  289~. 

between t h e  sa te l l i t e  equatorial  passages, t he  Huanca,yo decrease i n  

For the period 
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t he  horizontal component equalled 45 y ,  pract ical ly  tha t  (42 y )  i n  F 

at  the  equator a t  the s a t e l l i t e  a l t i tude .  Thus, i n  t h i s  case, a t  1944 

l oca l  time, the evening ionosphere below the s a t e l l i t e  has essent ia l ly  

no e f fec t  on the disturbance f i e l d  i n  the  recovery phase of the storm. 

16. 



. 
THE JOHNS HOPKINS UNIVERSITY 

APPLIED PHYSICS LABORATORY 
SllVER SPRING. M A R Y U N D  

Table I. Intensi t ies  from Two S a t e l l i t e s  

Posit ion Intensi ty ,  y Intensi ty  
difference 

Y S. L a t .  E. Long. Geocentric 1965-8IA 1964-83C 
distance 

" v 

1-7 31-90 1 7444.5 16063 16062 1 

11 319 1 7385.9 16774 16757 1-7 

17 264.2 7456.2 18894 188 5 5 39 
16 35.2 7435.5 21023 20993 30 

11 140.1 7378.5 28134 28048 86 
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3. 

4. 

5. 

6. 

7. 

Figure Captions 

Examples of data obtained during in-f l ight  calibrations of the 

s a t e l l i t e  magnetic f i e l d  at the  magnetometer position. 

Some values of the  observed geomagnetic intensity.  

Isodynamic l ines  at a geocentric distacce of 7450 km w i t h  the  

intensi ty  values i n  uni t s  of 1000 gammas, and the  locations of 

the ground stations.  

The l a t i t ud ina l  variation of the  f i e l d  residuals. 

The longitudinal variation of the f i e l d  residuals. 

The f i e l d  residuals f o r  stormtime and non- stormtime passes. 

The longitude and a l t i t ude  of each end point a r e  a l so  noted. 

D s t  ( H )  values f o r  the  storm of 1312 UT A p r i l  17, 1965, and the  

times of some low-latitude passes of s a t e l l i t e  1964 83C 
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